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LTLTRASTRIJCTTJRAL CHANGES IN THE HORNY LAYER
FOLLOWING LOCAL APPLICATION OF DIMETHYL
SULFOXIDW
LEOPOLDO F. MONTES, M.D.,t JACK L. DAY, B.S., CHARLOTTE J. WAND,
H.T. (ASCP) AND LOFTON KENNEDY, B.S.
Among the Various effects (1) of dimethyl
sulfoxide (DMSO), that of enhancing the
permeability of biological barriers (2) is of
particular dermatologie interest. DM50 not
only rapidly penetrates through the skin (3)
but also increases in vitro the rate of pas-
sage of water through hairless mouse skin
(4) and the percutaneous absorption of a num-
ber of substances (5, 6). Although several phys-
iologic and pharmacologic studies (1—9) have
recently helped to understand this effect of
DMSO, little morphological data is available,
Rosenbaum and Jacob (10) have seen that
concentrated DMSO applied to the palms may
produce wrinkling of the skin. Kligman (8)
observed that DMSO does not affect the in
vitro integrity of membranes from human
horny layer or the intercellular cement which
binds the cornified cells. Wright and Winner
(11) described histological changes in guinea
pig skin after prolonged local treatment with
this drug.
It was felt that an ultrastruetural study of
the horny layer following local application of
DM80 would permit the observation of some
of the changes whereby this drug affects the
barrier function of the epidermis. The results
of such a study carried out on guinea pig skin
are the subject of this paper.
MATERIALS AND METHOD
Forty albino male guinea pigs ranging in weight
from 350 to 450 gms were used. At the beginning
of the experiment hair was clipped from the
dorsum of each animal. Each guinea pig was then
treated topically with 1½ cc of a 90% aqueous
Supported by Research Career Development
Award l-K3-AI-31-210-01 (Dr. Montes) and by
National Aeronautics and Space Administration
Contract 9-2468.
Presented at the Twenty-seventh Annual Meet-
ing of The Society for Investigative Dermatology,
Inc., Chicago, Illinois, June 27, 1966.
* From the Department of Dermatology, Baylor
University College of Medicine, Houston, Texas.
t Dr. Montes is now an Associate Professor of
Dermatology, University of Alabama Medical
Center, Birmingham, Alabama.
solution of DMSO.t The solution was swabbed
evenly with a cotton applicator over a rectangular
area, 3 >< 10 cm, lying parallel and right to the
midline on the dorsal skin. The treated area and a
symmetrical identical region on the left side were
previously marked with a dermographic pencil.
In another experiment, six different animals were
swabbed profusely over a similar area four con-
secutive times using a total of 6 cc of the same
solution of DMSO per animal.
In order to avoid possible modifications in the
skin caused by local anesthetics, all biopsy speci-
mens were removed without anesthesia using
biopsy punches (2—4 mm). Specimens were ob-
tained simultaneously from treated areas, from
symmetrical untreated sites and from control
animals, at 30 minutes, 45 minutes, 1, 2, 3, 4, 5, 6,
7, 5, 24 and 48 hours after treatment.
Each specimen was cut in smaller pieces and
fixed in osmium tetroxide for 3—4 hours in the
solution recommended by Caulfield (12) or ac-
cording to the procedure of Brody (13). Following
fixation, some specimens were treated 2—16 hours
in a 0.5% solution of uranyl acetate in phosphate
or veronal acetate buffer. Following dehydration
in graded concentrations of ethyl alcohol, the
specimens were embedded in Araldite.
Sections were obtained in a Porter-Blum micro-
tome and mounted on grids covered with carbon
coated Formvar film. Prior to observation, they
were treated with a 1% aqueous solution of uranyl
acetate for one hour using a wax surface to hold
the droplet. They were rinsed in 3 changes of
distilled water and dried for 12 hours before use.
Observations were carried out in a RCA EMU3F
or in a RCA EMU3H electron microscopes using
accelerating voltages of 50 and 100 kv respectively.
Approximately 400 electron mierographs were
takcn at original magnifications of 1,6000 to 40,000.
OBSERVATIONS
As noted by several investigators, there is a
wide variation in the ultrastruetural pattern
of the horny layer in different portions of a
single small electron microscopic specimen, and
also in different areas of the skin of an ani-
mal at a given moment. This situation re-
quires that a good evaluation of the horny
layer be based on several biopsy samples
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which are as completely sectioned and studied
as possible. In doing so, We have tried to de-
termine how the horny layer of the guinea pig
differs ultrastructurally, after a single applica-
tion of DM50, from that of untreated skin
in the same and in a normal animal.
The stratum corneum of the dorsal region of
guinea pig skin is charaeterized by three lay-
ers with a different ultrastructural pattern.
A. Basal layer—Under low magnification
normal cells of the basal horny layer (13, 14) are
characterized by a rather opaque cytoplasm
which stains well with uranyl acetate (Fig. 1) *
Under higher magnification the cytoplasm shows
the picture of dense-packed tubes (100 A in
diameter) arranged in parallel bundles and
separated by opaque septa (Fig. 2).
Following a single local application of
DMSO both the overall picture and the fibril-
hr pattern were considerably altered. The
changes seemed to be more pronounced in the
deeper cells located immediately above the
granular layer. When sections of DM50-
treated skin were surveyed under low magnifi-
cation these cells appeared enlarged, showing a
predominance of large electron-transparent
areas. (Figs. 3—6). This change was observed as
early as 30 minutes after treatment (Fig. 3)
and as late as 48 hours afterwardst (Fig. 7).
Among these large light spaces, small islands
of electron-dense material of an opacity simi-
lar to that of the normal basal cell, persisted.
In this material, a suggestion of the tubular
configuration described above was barely dis-
tinguished only occasionally. Sometimes the
"mitochondria-like" structures described by
Brody (13) in the basal layer were observed
also (Fig. 6). In general, however, these islands
of cytoplasmic material showed a marked elec-
tron density that resembled that of the keratin
matrix (Figs. 4, 5).
Furthermore, these notably altered basal
* Symbols used in the photographs: B: Basal
layer; c: Subcorneal cleft; cg: Membrane coating
granules; d: Dcsmosome; f: Keratin fibrils; C:
Stratum granulosum; I: Intermediate layer; is:
Intercellular space; k: Keratohyabn granule; M:
Mitochondria; m: Matrix; N: Nucleolus; 0:
Odland body; pm: Plasma membrane; 8: Super-
ficial layer; tf: Tonofilament; vb: Intercellular
space vesicular body.
t This paper includes observations on specimens
obtained during the early hours after treatment.
Subsequent changes will be described in a sepa-
rate study.
cells of the horny layer did often undergo sepa-
ration from the underlying granular cells. The
detachment took place in fairly large segments
of the corneal-grannlar junction involving also
the desmosomes which remained attached to the
granular cells. This separation resulted in the
formation of a subcorneal cleft (Figs. 4, 5).
B. Intermediate layer—The normal inter-
mediate horny layer has been described by
Brody (13) as a diffuse and irregular network
having an overall electron density lower than
that of the basal layer. In our sections of guinea
pig skin treated with DMSO, the intermediate
layer was perhaps somewhat less altered, early
after treatment, than the other two layers. As
late as one hour after treatment, this network
was seen to be fairly well preserved particu-
larly in the upper levels right below the super-
ficial layers (Figs. 3, 8). Later on, the cells ap-
peared altered. Four hours after treatment the
normal empty spaces were considerably en-
larged and distended, with the remaining fi-
brillar material becoming granular so the nor-
mal pattern of a diffuse network disappeared
(Fig. 5).
C. Superficial layer.—Normally (13), cells of
the superficial horny layer are of two different
types: a) the uppermost superficial cells, more
or less completely filled vith keratin (Fig.
lOa). b) The calls immediately beneath, show-
ing large empty spaces, and the keratin pattern
in scattered cytoplasmic regions often along the
cell boundaries (Fig. 9a).
In our material, following a single local ap-
plication of DMSO, the keratin pattern of
these two types of cells was considerably al-
tered. In the very superficial cells, the cyto-
plasmic content initially became homogene-
ously amorphous and the fibrillar pattern
gradually disappeared. As time went on, the cy-
toplasm became almost electron transparent.
The plasma membranes, as well as the mem-
brane coating granules (15), seemed fairly in-
tact as late as four hours after treatment (Fig.
lOb). On the other hand, layers of the superfi-
cial horny layer became almost entirely elec-
tron dense. In fact, soon after DMSO was ap-
plied there was like a "homogenization" of the
entire cytoplasmic content (Fig. 8) in part
due to swelling of the fibrils (Fig. 9b). In
areas that showed this change at its greatest
degree, the plasma membranes could not be dis-
tinguished (Fig. 8).
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Fic. 1. Upper stratum granulosum (G); basal layer (B) and intermediate layer (I) of
the stratum corneum in the control untreated side of a guinea pig. In the lower basal cell
of the stratum corneum the dense matrix (m) is more apparent than the keratin fibrils.
These (f) are more visible in the upper basal cell. X 58,000.
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Fio.2. Normal basal horny layer (B) and upper stratum granulosum (G) in the control un-
treated side of same animal as in Fig. 1. Electron lucid keratin fibrils (f), sectioned in
different angles are distributed among masses of dense matrix (m). Plasma membranes
(pm) are barely distinguished. >< 158,000.
In the experiment designed so that biopsy
specimens were taken after profuse swabbing
of the skin with large amounts of DMSO, sec-
tions from several specimens revealed that
most superficial cells had lost their entire con-
tent whereas the membranes still were visible.
D. Jnfercellulor spaces—The intercellular
spaces of the horny layer in normal guinea pig
skin (13) have a fairly constant width of about
160 A in places, this space may become wider
(Figs. 1, 2). In our material, after treatment
with DMSO, the general configuration of these
spaces was preserved. Perhaps the only major
change was an irregular alteration of that con-
stant width in areas where the intercellular
spaces were broader or narrower than normally.
We could not always be sure that this was not
an artefact of tissue preparation.
Fro. 3. Indentical layers of the same animal shown in Figs. 1 and 2 thirty minutes after
application of DMSO. The deeper cell of the basal stratum corneum is markedly altered.
There is cellular enlargement, the inner part of the cytoplasm is occupied by large electron-
transparent areas, the remaining cytoplasm being so electron-dense that the normal keratin
pattern is lost. This pattern (1) is still visible in some areas of the upper cell of the basal
layer. The underlying cell of the granular layer (G) appears normal. X 26,000.
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Fie. 4. Basal horny layer (B) and granular layer (G) two hours after topical treatment
with DMSO. These two layers have separated from each other with formation of a narrow
subcorneal cleft (c). The lower basal cell shows numerous fragments of electron-dense
material and large electron-lucid areas. The upper basal cell shows on the upper right corner
of the photograph (1) a replacement of the regular keratin pattern by a vacuolated appear-
ance. X 26,000.
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FIG. 5. Granular layer and horny layer four hours after treatment. The granular layer(G) shows large intercellular spaces (is) and intact desmosomes (d). The basal horny
layer (B) has separated from the granular layer with formation of a wide cleft (c). The
entire deeper cell (B) seen in this picture is dilated and shows large electron-lucid central
areas (1) surrounded by a peripheral dense material. In the intermediate horny layer (I)
there is distension of the large empty intracellular spaces (2). The remaining fibrillar mate-
rial is clumped and has lost its normal pattern. The deeper cells of the superficial horny
layer (S) are seen on top. X 22,000.
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FIG. 6. Basal horny layer (B) and stratum granulosum (G) four hours and fifteen min-
utes after profuse swabbing of the skin with DMSO. •Large electron-transparent areas in
the basal layer alternate with areas of granular material. The arrow shows an oval body
resembling the mitochondria-like structures described by Brody (13). The plasma mem-
branes (pm) of the horny layer are denser and probably thicker than normally. >< 81,000.
The inset shows at higher magnification, the same mitochondria-like body, surrounded by
the omoruhous material. In the latter, the keratin pattern is barely visible. >< 108,000.
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Fio. 9. a. Deeper superficial layer at the transitional level with the intermediate layer.
The fibrillar pattern of keratin is more prominent along the cell boundaries. Specimen
from control untreated side of a guinea pig. )< 16,800. h. Specimen obtained from the
treated side of same animal shown in 9a. The fibrils are swollen and fill large areas
of the cytoplasm. The membrane coating granules (cg) may be seen. The plasma mem-
branes (pm) appear thickened. Specimen obtained four hours after treatment. X 16,800.
FIG. 7. Basal horny layer (B) and granular layer (G) forty-eight hours after treat-
ment with topical DMSO. The large empty spaces predominate over the amorphous
material in the basal horny layer. The granular layer seems unaffected. >< 13,000.
Fjo. S. Superficial and intermediate horny layer one hour after treatment. The very
superficial cells (1) show very little cytoplasmic content. The deeper superficial cells(2) have become so uniformly and intensely electron-dense that in some places the
membranes cannot be distinguished. The intermediate layer (I) still shows a fairly
normal pattern. Intercellular space vesicular bodies (vb) are seen. >< 10,000.
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Fic. 10. a. Uppermost superficial cells of the horny layer. These cells are completely
filled with keratin. Outside the plasma membrane (pm) are numerous membrane coat-
ing granules (cg). Normal skin from the control untreated side of a guinea pig. X 40,000.
b. Uppermost superficial cells of the horny layer showing almost complete disappear-
ance of the cellular content. Plasma membranes (pm) and coating granules (cg) remain
fairly intact. Biopsy specimen symmetrical to that shown in ha, obtained from same
animal four hours after treatment. X 35,000.
I
0
lOb
HORNY LAYER ULTRASTRUCTURE AFTER DIMETHYL SULFOXIDE 195
E. Granular layer—Some preliminary obser-
vations of the granular cells were carried out
during this study. They seemed to indicate
that these cells were not as affected as the horny
layer by DM50. As shown in Figures 3—7, the
various organdIes appeared fairly intact. How-
ever, it should be pointed out that occasionally
the intercellular spaces (Fig. 5), including the
desomosomes were somewhat distended, a fea-
ture that was more apparent in the experiment
using large amounts of DM50.
The post-treatment ultrastructure of the
granular layer, including the transitional (T)
cells will be the subject of another report.
DISCUsSION
These observations showed that a single local
application of DM50 is capable of producing
definite submicroscopic changes within cells of
the horny layer of guinea pig skin.*
The disappearance of the fibrillar keratin
pattern, while the plasma membranes remained
quite intact, supports Kligman's (8) finding
that DM50 does not affect in vitro the integ-
rity of the membranes, and confirms the data
of Matolsty (15) that the plasma membranes
are more resistant than their keratin content.
In view of these findings, the logical question
to be formulated is: does DM50 act on the
fibrils only, or on both the fibrils. and the ma-
trix? The islands of material, remaining in the
early post-treatment hours within basal cells,
were often lacking in fibrils (Figs. 4, 5) and
their density certainly approached that of the
matrix. If they really represent the matrix, this
would indicate that the matrix is more resist-
ant to DM50 than the fibrils. A high resolution
electron microscopic study of biopsies ob-
tained within the first few minutes after treat-
ment is now being undertaken in an attempt
to answer this question. If the changes observed
are to be interpreted in terms of the localiza-
tion of the barrier in the horny layer, it would
appear that this is mainly a function of the
cellular content. This is interesting because re-
cently Hicks (17) was able to produce damage
* During the discussion of this paper it was
suggested that osmium binding by the epidermal
cells might be influenced by DM80. That guinea
pig skin treated with DM80 was capable of bind-
ing osmium, in a sufficient degree as to produce
good fixation, was apparent in the granular layer(Figs 3—6). The horny layer lacks cellular organ-
elles so it is difficult to evaluate fixation from look-
ing only at this layer.
of the water barrier function in the urinary
bladder of rats by treatment with sodium thyo-
glycollate, a known breaker of disulfide bonds.
Thus, he suggested that the permeability bar-
rier depends on the presence of disulfide
bridges and, therefore, that keratin (a form of
which he found in the bladder's transitional
epithelium) is part of the barrier.
The intensity of the changes produced in the
basal horny layer would suggest an important
role of the latter in the performance of the bar-
rier function which is so uniquely altered by
DM50 (5). Although this would be in agree-
ment with the classic concept of an unpermea-
ble stratum corneum "conjunctum" (16), it
needs to be substantiated by further electron
microscopic work. It would be important to
determine how the fine structure of the horny
layer is affected by those factors which pro-
mote percutaneous absorption (15) such as
increased temperature, hyperemia, moisture,
etc. To our knowledge, the only situation in
which the basal cells of the horny layer have
been shown to undergo, although to a lesser de-
gree, similar changes to those described here is
after ultraviolet irradiation (18).
5UMMARY
Within four hours after a single local appli-
cation of DM80, the horny layer of guinea
pig skin underwent striking changes. The basal
horny layer showed cellular enlargement, with
predominance of large electron-transparent
areas among which numerous islands of elec-
tron-dense material remained. There was also
frequent separation of the basal from the un-
derlying granular layer.
The intermediate horny layer was less al-
tered, early after treatment, than the other two
layers. Later on the normal empty spaces en-
larged, with the remaining fibrillar material
becoming granular.
In the superficial horny layer the fibrils
either disappeared (uppermost cells) or became
clumped producing a "homogenization" of the
entire cytoplasmic content (lower cells).
While this occurred within cells, the plasma
membranes, although somewhat thickened and
electron denser, seemed intact.
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